OBJECTIVES: This study was conducted to evaluate the accuracy of autofluorescence as a mode of diagnosis for visceral pleural invasion of non-small-cell lung cancer compared with white-light by means of clinical questions to several thoracic surgeons.
INTRODUCTION
Visceral pleural invasion of lung cancer is a crucial prognostic factor [1] [2] [3] [4] [5] [6] [7] [8] , and tumours with visceral pleural invasion are classified as T2a, even if they are < _3 cm, in the seventh edition of the tumour, necrosis and metastasis (TNM) classification for lung cancer. Because it is difficult to diagnose visceral pleural invasion by preoperative imaging or intraoperative macroscopic findings, visceral pleural invasion is usually diagnosed by postoperative pathological examination.
Recently, segmentectomy has been reported to achieve equivalent survival compared with lobectomy for small-sized nonsmall-cell lung cancer (NSCLC) [9] [10] [11] . In addition, a Phase III randomized trial of lobectomy versus segmentectomy is ongoing [12] . The inclusion criteria of the study limits the tumour size to < _2 cm; however, there are no criteria about visceral pleural invasion because it is believed that thoracic surgeons are unable to confirm visceral pleural invasion until resected specimens are evaluated by postoperative pathological examination. However, visceral pleural invasion is found in 9.7-13.8% of patients even with tumours < _2 cm postoperatively [6] [7] [8] . Furthermore, visceral pleural invasion is a prognostic factor for patients with tumours < _2 cm [2] [3] [4] 8] . In addition, lymph node metastases are more frequently found in patients with visceral pleural invasion [5, 7] . Therefore, for patients with visceral pleural invasion, even if the tumour size is < _2 cm, the extent of resection should not be limited to sublobar with insufficient lymph node explorations.
Autofluorescence bronchoscopy is an established diagnostic method for centrally located early-stage lung cancer [13, 14] . Strong autofluorescence can be observed in normal bronchial mucosa by autofluorescence bronchoscopy, and this autofluorescence is usually weakened by the presence of cancer tissue [13] . When we observed visceral pleura using the autofluorescence mode of a thoracoscope, we can see strong autofluorescence from the visceral pleura. Therefore, we evaluated the potential of autofluorescence analysis in diagnosing visceral pleural invasion using an autofluorescence thoracoscope and found that autofluorescence diagnosis was superior to ordinary white-light diagnosis for visceral pleural invasion as a preliminary result.
This study was conducted to evaluate the accuracy of the use of autofluorescence for diagnosis of visceral pleural invasion compared with white-light by means of clinical questions posed to several thoracic surgeons.
MATERIALS AND METHODS

Evaluators
To compare the accuracy of intraoperative diagnosis of visceral pleural invasion between a conventional analysis in white-light mode and that using autofluorescence mode, 8 thoracic surgeons who had not participated in operations of patients whose data were used in this study were involved in 2 study meetings. The first study meeting was conducted to evaluate the accuracy of the conventional white-light mode using a thoracoscope, and the second study meeting was conducted to evaluate the accuracy of the thoracoscope in autofluorescence mode while diagnosing visceral pleural invasion. The thoracic surgeons belonged to 2 principal training institutions certified by the Japanese Association for Chest Surgery. Four surgeons were board certified members of the Japanese Association for Chest Surgery and the other 4 surgeons were residents.
Patient characteristics
Twenty-five cases were selected in accordance with the following criteria. (i) Primary NSCLC patients who underwent video-assisted thoracic surgery at Tokushima University Hospital from October 2011 to August 2013. (ii) Tumour attached to the visceral pleura on the lung window of computed tomography (CT) images. (iii) Thoracic cavity was explored using both white-light and autofluorescence modes with a D-Light AutoFluorescence system (Karl Storz, Tuttlingen, Germany). (iv) Lung tumours were resected and evaluated histopathologically using elastic stains in accordance with the recommendations of the International Staging Committee [1] . Tumours presenting pure ground-glass opacity were excluded. Patient characteristics are summarized in Table 1 . The mean tumour size was 26 mm (12-46 mm). There were 12 tumours with ground-glass opacity and 13 tumours without ground-glass opacity. There were 6 cases with visceral pleural invasion. This study was approved by the ethics committee of Tokushima University Hospital (no. 2277).
Evaluation of conventional analysis using a thoracoscope in white-light mode for diagnosing visceral pleural invasion Before the study, the surgeons were interviewed to determine which clinical factors they usually refer to in addition to intraoperative pleural findings using white light to diagnose visceral pleural invasion. As a result, preoperative CT findings and histological type (if available) emerged as important factors for thoracic surgeons to evaluate visceral pleural invasion. In the first study, the surgeons were asked to evaluate 25 cases, consisting of preoperative CT images, histological types and videos pasted into PowerPoint slides. A most representative CT image showing a lung tumour attached to the visceral pleura on a lung window in axial imaging was selected in each case. Histological type was reported based on postoperative pathological diagnosis. A 10-s video in each case was played to offer the surgeons the best scene showing the pleural surface where the tumour had been, inducing morphological change. The surgeons made decisions as to whether each case had visceral pleural invasion based on this information and completed answer sheets accordingly. In this study, we defined p0 as the absence of visceral pleural invasion and p1 as the presence of visceral pleural invasion.
Evaluation of autofluorescence in diagnosing visceral pleural invasion
For the second study meeting, the same surgeons were asked to study the same 25 cases, consisting of 2 videos pasted into PowerPoint slides in each case. The question order was changed, and the time period between the first and the second study meeting was 4 weeks. In each question, after the same video played in the first study was shown, a 10-s video edited to show autofluorescence images of the pleura where the tumour had been, inducing morphological changes, was shown. Based on the information in the 2 videos, the surgeons made decisions on whether each case had visceral pleural invasion based on the information and completed their answer sheets accordingly. Because there are no diagnostic criteria for pleural invasion using autofluorescence, we defined attenuation or a defect in autofluorescence of the pleura at the tumour site as a positive finding of visceral pleural invasion in accordance with our preliminary study. Normal pleura showed green autofluorescence, and defects in autofluorescence were identified as a black region. Figure 1 shows representative white-light and autofluorescence images of cases with and without visceral pleural invasion.
Statistical analysis
We evaluated the sensitivity, specificity and accuracy of white light and autofluorescence for 25 cases in diagnosing visceral pleural invasion for each evaluator. An evaluator-based analysis was performed using McNemar's test. Overall sensitivity, specificity and accuracy were analysed using Wilcoxon's signedrank test. Diagnosis of visceral pleural invasion by histopathological evaluation was used as the gold standard. Statistical analysis was performed using SPSS (20.0.0 for Win), and P-value of <0.05 was considered statistically significant.
RESULTS
The results of the 25 clinical questions are shown in 
DISCUSSION
In the seventh edition of the TNM classification for NSCLC, visceral pleural invasion was recognized as a crucial prognostic factor that increases the T stage from T1 to T2, even if the tumour is < _3 cm [15] . Additionally, the new staging system for visceral pleural invasion was validated in previous studies [5, 6] . Visceral pleural invasion is also a prognostic factor for tumours of < _2 cm [2] [3] [4] 8] . Yoshida et al. [2] reviewed data from 9758 NSCLC patients who underwent anatomical surgical resection, and they reported that the overall 5-year survival rate of patients with tumours < _2 cm without visceral pleural invasion was 84.4%, which was significantly better than patients with tumour < _2 cm with visceral pleural invasion of 69.9%. In addition, the 5-year survival rate of patients with tumours < _2 cm with visceral pleural invasion was even worse than the survival of patients with tumours of 2.1-3 cm without visceral pleural invasion of 77.1% [2] . Huang et al. [3] reviewed 22 studies on the prognostic significance of visceral pleural invasion by the stage of NSCLC and concluded that visceral pleural invasion is a size-independent poor prognostic factor in Stage I NSCLC. They reported that the hazard ratio of visceral pleural invasion associated with increased risk of death in subgroups with tumour < _2 cm was 1.422 (P = 0.000). The surgical strategy for small-sized NSCLCs has been a major topic among thoracic surgeons for the last decade. Several reports have demonstrated that segmentectomy has the potential to be an alternative to lobectomy for small-sized NSCLCs [9] [10] [11] . In addition, a Phase III randomized trial of lobectomy versus segmentectomy for small (< _2 cm) peripheral NSCLCs (JCOG0802/ WJOG4607L) has completed registration of over 1100 eligible patients [12] . However, visceral pleural invasion is found in 9.7-13.8% of patients even with tumours < _2 cm postoperatively [6] [7] [8] . Furthermore, lymph node metastases are more frequent in patients with visceral pleural invasion [5, 7] , which is thought to be one of the reasons for the worse prognosis. Therefore, for patients with visceral pleural invasion, even if the tumour size is < _2 cm, the extent of resection should not be limited to sublobar with insufficient lymph node exploration.
Intraoperative diagnosis of visceral pleural invasion by thoracic surgeons is unreliable. In this study, the average accuracy of visceral pleural invasion diagnosis by the 8 thoracic surgeons using the white-light mode of a thoracoscope was 56.5%, even if they referred to additional information from CT images and histological type. We should note that the low percentage was limited for p0 and p1 cases with tumours attached to the visceral pleura. However, the results suggested that it is not possible to adopt this approach for determining surgical methods. Although there are no reports evaluating the accuracy of intraoperative diagnosis for visceral pleural invasion, thoracic surgeons believe that it is unreliable. In this study, the average accuracy of visceral pleural invasion diagnosis by the 8 thoracic surgeons using the autofluorescence mode of the thoracoscope was 76.0%, which was significantly higher compared with the white-light mode. Sensitivity and specificity were also significantly improved using the autofluorescence mode of the thoracoscope. Therefore, this technology has the potential to be used as an intraoperative diagnosis that indicates an appropriate operative strategy. For instance, when the autofluorescence mode shows positive findings for visceral pleural invasion, planned sublobar resection for patients with tumour size < _2 cm should be converted to lobectomy with lymphadenectomy. In terms of lymphadenectomy, standard hilar and mediastinal lymph node dissection should be required in patients with visceral pleural invasion, because visceral pleural invasion is reported to be a relevant factor for skip N2 metastases [16, 17] . There is another discussion on whether pathological diagnosis could be the true 'gold standard' for visceral pleural invasion or not. Visceral pleural invasion is evaluated pathologically based on 1 or 2 cut slices of the resected tumour. In terms of pl 1, the area of tumour infiltrated into the visceral pleura is usually limited and is difficult to identify. Therefore, if the section of the specimen does not include the deepest point where the tumour infiltrates into the visceral pleura, pathological visceral pleural invasion might be underestimated and the result could be a false negative. Our study demonstrated the greater accuracy of autofluorescence in diagnosing visceral pleural invasion. The results suggested that attenuation of or defects in autofluorescence of the pleura indicates visceral pleural invasion of the tumour at the site. Therefore, if a thoracic surgeon cuts a resected tumour at the site where the autofluorescence of the visceral pleura decreases significantly and submitts it for pathological evaluation, the false-negative rate for visceral pleural invasion should decrease and the accuracy of visceral pleural invasion diagnosis would improve.
Autofluorescence bronchoscopy is an established diagnostic tool for centrally located precancerous lesions and cancerous lesions [13, 14] . The sensitive detection of the autofluorescence bronchoscopy imaging system is based on the intensity contrast observed in the green part of the spectrum between neoplastic lesions and surrounding healthy mucosa. In human tissues, elastin, nicotinamide adenine dinucleotide, flavin and porphyrins are reported as fluorophores that can be excited at 405 nm [18] . Additionally, elastin in the normal bronchial submucosa is a main fluorophore that produces strong autofluorescence in autofluorescence bronchoscopy findings [19, 20] . Because 2 or 3 layers of interwoven elastin fibres are present in the visceral pleural surface [21] , it is reasonable that the normal visceral pleura shows strong autofluorescence. On the other hand, the autofluorescence from tumour tissues exhibited very weak autofluorescence spectra [19, 20] . Therefore, if the tumour cells invade into the surface of the visceral pleura, the tumour tissue would be identified as a defect in autofluorescence. However, even if tumour cells do not reach the surface of the visceral pleura (pl 1), the invading lesion shows decreased autofluorescence. This phenomenon suggests that the decreased autofluorescence could represent lysis of the elastin layers at the site of tumour invasion. Generally, tumour cells invade into the surrounding tissues while increasing their proteolytic activity. Proteases produced from the tumour cells are implicated in the invasiveness of the tumour into adjacent normal tissues [22] . Neutrophil elastase, which is able to degrade elastin, was found not only in granules of neutrophils but also in some lung cancer cell lines [23] . Thus, the decreased autofluorescence finding at the site of tumour invasion could be evidence that the elastin layers of normal visceral pleural has been lysed by neutrophil elastase produced by the tumour cells.
Limitations
There were several limitations in this study. Firstly, the results were based on diagnoses by 8 thoracic surgeons from 2 facilities; therefore, the sensitivity, specificity and accuracy findings reported here might not be universal. Similarly, the examiners were 4 board certified members and 4 residents, and these numbers were so small number that it was not possible to discuss the difference in ability between experienced and non-experienced thoracic surgeons. Secondly, the number of cases with visceral pleural invasion was very small to calculate sensitivity. Thirdly, because the number of cases evaluated was limited, we could not examine the difference between the histological types.
CONCLUSION
The sensitivity, specificity and accuracy in the diagnosis of visceral pleural invasion were improved by the additional use of the autofluorescence mode compared with the use of the white-light mode alone. 
